CONTRARY to the prevalent view that retrograde conduction to the atria in ventricular tachycardia is rare,' the author has recorded tracings consistent with such conduction relatively frequently with simultaneous standard and esophageal leads. The standard electrocardiographic tracings often fail to demonstrate atrial activity accurately, because the atrial deflections are small and lost in the deflections of the ectopic ventricular activity. This is apparent from a comparison of lead II with the simultaneously recorded esophageal lead in most of the illustrations of this paper, and probably explains why so few cases of ventriculo-atrial (V-A) conduction in ventricular tachycardia have heretofore been recognized.
Sir The retrograde P waves in the BE lead are the large spiked downward deflections after each small rounded QRS; the sinus P wave is smaller, biphasic, with a larger upward component. The retrograde P waves are distinct in the VE lead, but there is less difference from the sinus P wave than in the BE lead. A similar consecutive run of 228 beats was observed with no increase of V-A conduction time.
tained with VE leads less frequently. Occasionally the retrograde conduction is clearer in a VE lead than in a BE lead.
The optimum position of the esophageal tube is determined by scanning tracings obtained from several levels. The position yielding the best P waves for study varies with individuals and with the contour and direction of QRS and T.
The illustrated electrocardiograms are recorded at a paper speed of ce 524-1*~i ndependent of the ventricular rhythm. There were 11 cases with runs with independent atrial rhythm, but in 4, other runs were associated with V-A conduction. V-A conduction occurred with and without heart disease and with and without the use of digitalis.
One-to-one V-A conduction is illustrated in figures 1, 2, 3, 7, and 8. Irregular V-A conduction is illustrated in figures 4 and 5. The Wenckebach phenomenon with V-A conduction is illustrated in figures 2 and 5. Ventricular tachycardia with an independent atrial rhythm is illustrated in figure 6 .
Incidences in a study like this need not necessarily have general applicability in view of possible variations in patient populations and circumstances determining feasibility of studying a given arrhythmia in detail by the described technic. It must be significant, however, that almost as many cases of 1:1 V-A conduction were observed in this study as the total found in the literature to date.
Intermittent Ventricular Tachycardia
Since the diagnosis of ventricular tachycardia with 1:1 V-A conduction was made only if the onset, or in one case the termination, of the tachycardia was observed, it follows that the study is weighted with intermittent ventricular tachyeardias. Persistent tachycardias with bizarre QRS complexes and a 1:1 P-to-QRS relation whose onset could not be observed are not included in this study because of the problem of differentiation from atrial tachycardia with aberrant conduction. In some reported cases it is impossible to say whether the tachycardia is atrial or ventricular.
In a number of the cases of this study the duration of the runs was relatively brief. Is retrograde conduction to the atria, especially 1:1 conduction, less likely to occur in the more persistent and prolonged ventricular tachyeardias? This cannot be answered by the present study, but runs of 228 beats at a rate of 186 per minute (case 1, fig. 1 Retrograde conduction after the second of two ventricular premature systoles near the beginning, then ventricular tachycardia with 1 :1 V-A conduction starting with the second ectopic beat, and a reciprocal beat at the end. The normal QRS in lead II after the last ecto pic beat is preceded by a retrograde P wave. The VE lead shows that still another retrograde P wave is superimposed on the reciprocal QRS, as if the reciprocal impulse on its way to the ventricle turned back to the atrium again. The reciprocal beat with normal QRS and thus normal conduction is suggestive evidence that the ectopic focus that initiates the tachycardia is ventricular rather than A-V nodal. The interval from the preceding ectopic beat is longer than the intervals between ectopic systoles, so that the evidence is not conclusive; the longer interval conceivably allows for recovery from a refractory phase. The pause after the reciprocal beat is ended by an A-V nodal escape beat, its QRS occurring right after a sinus P wave.
V-A conduction times of 0.12 to 0.17 second and no progressive increase of conduction time from the beginning to the end of the run. The question may be raised whether the ectopic complexes initiating the tachyeardias originate not in the ventricle but rather in the A-V node and are conducted aberrantly because of occurrence during a partially refractory phase. Evidence that most of the tachyeardias with retrograde conduction to the atria in this study were of ventricular origin consists of (1) the V-A conduction times, (2) normal forward conduction with atrial premature systoles, ventricular captures by sinus beats and reciprocal beats, (3) fusion between ectopic and sinus beats and fusion between ectopic and reciprocal beats, and (4) persistence of the bizarre form of the ectopic QRS with wide variations in the intervals between ectopic complexes.
V-A Conduction Times
The V-A conduction times were 0.12 to 0.52 second. Briefer intervals between QRS and P such as might be expected with A-V Circulation, Volume XXIV, August 1961 nodal rhythm did not occur. With the technic used it is possible to recognize P occurring simultaneously with QRS in A-V nodal rhythm and to measure small QRS-to-P intervals in such rhythm. Tachycardias in which the onset was with a P wave were not included in this study, so that so-called upper A-V nodal tachyeardias are excluded.
In the five cases in which 1:1 V-A conduction alone occurred, the V-A conduction times were 0.12 to 0.20 second. In the five cases in which runs of 1:1 V-A conduction were associated with other runs with different atrial mechanisms, the V-A conduction times were 0.13 to 0.30 second. In the four cases with irregular V-A conduction and no runs with 1:1 conduction, the V-A conduction times were 0.12 to 0.52 second.
Tn 10 instances the V-A conduction times were about the same as P-R or longer (table 1), in four instances shorter (cases 2, 9, 11, and 12). Since the ventricular premature systole may occur during the refractory period lroduced by the previous systole, it is expected that the V-A conduction time will sometimes be longer than the A-V time. That the V-A time is often equal to or shorter KISTIN Figure 4 Case 13. Tracing during left heart catheterization. Simultaneous lead II and bipolar esophageal lead. Ventricular tachycardia with irregular retrograde conduction, sinus beat, and reciprocal beat. In the BE lead the QRS complexes are small, rounded, upward deflections, the sinus P waves are spiked, downward deflections and the retrograde P waves spiked, upward deflections (arrows). There are two normal QRS com7nplexes. The normal QRS toward the end of the tracing follows a sinus P. An upright P2 is visible preceding this QRS simultaneous with the spiked downward deflection in the BE lead.
The normal QRS toward the beginning of the tracing follows a retrograde P wave-upward spike in the BE lead and inverted P in lead II-and is interpreted as a. reciprocal beat. The occurrence of a reciprocal beat with normal QRS complex at an interval after the preceding ectopic beat similar to the intervals between ectopic beats is evidence that the ectopic focus is ventricular rather than A-V nodal.
than A-V time requires comment, since it has been stated that V-A time in man is regularly longer34 35 and that there may normally be unidirectional block in the A-V node' so that V-A conduction is blocked or delayed compared to A-V conduction.
Studies with esophageal leads 27, 32, 36 show that V-A conduction occurs commonly, and while V-A intervals longer than A-V occur as expected, V-A intervals equal to or briefer than A-V occur also.27 In figure 7 there seems little doubt that the tachycardia originates from a ventricular focus (see below), and yet P-R is 0.15 second and the V-A conduction time is 0.12 second. There are a number of reasons why a V-A time equal to or shorter than P-R in the same tracing cannot be used as evidence against a ventricular origin of the ectopic focus. First, the experimental evidence was previously reviewed;27 the results varied, but in some studies V-A times were shorter than A-V times. Recent studies of conduction velocity in individual myocardial fibers37 show that conduction through the A-V node is about as rapid in one direction as in the other. There may possibly be a site of delay in retrograde conduction during the refractory period at the junction of the Purkinje fibers and myocardial fibers,37 but even here retrograde conduction during recovery is as rapid as in the forward direction. Second, the times as measured in the clinical electrocardiogram are a crude index of conduction velocity. There may be limitations in measurement; the onset of the ectopic ventricular systole may not be recorded in the leads used, or it may be unrecognizable, being superimposed on the preceding T wave. The fiber distance traveled in V-A conduction is not the same as that in A-V conduction, the exact paths not being known, and it could conceivably be shorter. For example, from a ventricular focus near the A-V node the electrocardiographically recorded V-A time is occupied by conduction from focus-to-AV node-to first part of atrium activated, a fiber distance which could conceivably be shorter than that from atrium near S-A node-to A-V node-to first part of ventricle activated, conduction along which is represented by P-R. Third, V-A conduction could possibly occur by a different pathway with faster conductivity. There is some clinical38 and experimental39' 40 fortuitous, but also in part related to the long periods of recorded observation of some of the patients. For example, two atrial premature systoles occurred in 27 minutes of recorded tracings in case 1. During cardiac catheterization and cardiac surgery the occurrence of both atrial and ventricular premature systoles is usual.
Of the conditions that may influence refractoriness of myocardium and therefore aberrant conduction, there are two that can be measured in the electrocardiogram: (1) the duration of the cardiac cycle preceding the ectopic systole and (2) figure 5 . The Circulation, Volume XXIV, August 1961 Figure 6 From one of the cases of ventricular tachycardia with independent atrial rhythm. Simultaneous lead II and bipolar esophageal lead. In the BE lead the P waves are large, upward spikes, easily followed through the run with slight arrhythmia.
interval between the reciprocal beat and the preceding ectopic beat in figure 4 is close to the intervals between ectopic beats, suggesting a veiitricular focus of the ectopic beats. The fusion beat in figure 5 practically excludes the possibility that the ectopic beats arise in an A-V nodal focus. In figure 2 the occurrence of the reciprocal beat with normal QRS is highly suggestive that the ectopic focus is ventricular, but it is not conclusive. The interval between reciprocal beat and previous ectopic beat is longer than the interval between ectopic beats during the tachycardia, and recovery from a refractory period for the reciprocal beat is possible.
The diagram of figure 5 illustrates the interpretation that reciprocal impulses from some ectopic beats fail to reach the ventricle because retrograde conduction from the immediately following ectopic beat produces refractoriness of the part of the conduction path common to retrograde and reciprocal impulses. Such a mechanism was postulated by Pick and Langendorf.46 Persistence of Form of QRS with Varying Intervals
In two cases of 1:1 V-A conduction (cases 4 and 10) the persistence of the form of the ectopic QRS, in spite of pronounced prolongation of the interval between ventricular complexes, is evidence of ventricular rather. than A-V nodal origin of the ectopic focus. In figure 8 toward rate. QRS form of the ectopic beats maintained even when interval between ectopic beasts equals or exceeds that between sinus beats. This is evidence that the ectopic focus is ventricular, since at these longer intervals there is no reason for aberrant conduction from an A-V nodal focus. The peaks of the retrograde P waves in the VE lead are 2 to Evidence that the ectopic foci in these cases are indeed ventricular rather than A-V nodal with aberrant conduction is based on (1) V-A conduction times, (2) normal forward conduction with atrial premature sysCirculation, Volume XXIV, August 1961 toles, ventricular captures by sinus beats and reciprocal beats, (3) fusion between ectopic and sinus beats and fusion between ectopic and reciprocal beats, and (4) persistence of the bizarre form of the ectopic QRS in spite of varying intervals between ectopic beats.
The frequency of 1:1 V-A conduction in ventricular tachycardia complicates the differential diagnosis from supraventricular tachycardia with aberrant conduction.
A bipolar esophageal lead is often superior to a V esophageal lead for the study of complex arrhythmias and V-A conduction. It is more likely than a V esophageal lead to show retrograde P waves more or less opposite in direction to the sinus P waves.
